In this paper, uniform approximation of equivalent permittivity is described for electromagnetic scattering problem by index modulated gratings. An index modulated grating is given by periodicity Λ in the z direction and thickness d that is uniform in the y axis. The incident wave is given by wavelength λ and an incident angle θi from x axis. The incident region I and substrate region III are lossless materials, and the relative permittivities are set to be ε1(= 1) and ε3, respectively. The region II is the grating layer with permittivity profiles of sinusoidal, triangular, asymmetric triangular and asymmetric trapezoidal functions ε(z) expressed by using degree of index modulation δ and medium complex permittivity ε.
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When the periodicity Λ is very small compared with the incident wavelength λ, we present versatile approximation formulations concerning equivalent permittivity εTE for TE wave and εTM for TM wave as follows:
Scattering properties are calculated by transmission-line theory and the equivalent permittivity from Eqs. (1). Scattering by index modulated gratings are analyzed rigorously using the matrix eigenvalue calculations by Fourier expansion method and the spatial harmonics expansions of electromagnetic fields. From the comparison of both results, the applicable condition of the approximation is investigated. From some numerical results, we have found that the 0th eigenvalues E(M) κ ± 0 of gratings having very small periodicity agree well with the eigenvalues obtained from equivalent permittivity. Therefore, the numerical values ε g,TE(TM) corresponding to permittivity are given by
where s0 = √ ε1 sin θi. By investigating the difference between ε g,TE(TM) and ε TE(TM) , the applicable condition becomes clear. We define the relative difference as follows : Figure 1 shows RD against normalized periodicity. When the periodicity is small, the numerical values corresponding to permittivities are close to the equivalent permittivity where profile changes. In the case of sinusoidal profile, It is well known that surface-relief dielectric gratings with rectangular profile can be treated by uniform approximation of equivalent permittivity when the periodicity is very small compared with a wavelength. In optics, this phenomenon is the equivalent anisotropic effects or the form birefringence. When the periodicity is very small, the equivalent anisotropic effects will be shown in index modulated gratings. In this paper, the uniform approximation is described for electromagnetic scattering problem by index modulated gratings. Scattering properties by dielectric slabs are calculated by transmission-line theory and the equivalent permittivity obtained from our proposed formulation of uniform approximation. Scattering by index modulated gratings are analyzed rigorously by the matrix eigenvalue calculations by using Fourier expansion method and the spatial harmonics expansions. When the periodicity is small, both results are in good agreement. By investigating the difference between the equivalent permittivity and the numerical values corresponding to the permittivity of index modulated gratings, the applicable condition of the uniform approximation is shown. And the equivalent anisotropic effects of various permittivity profiles are compared.
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